Fatal pulmonary haemorrhage is a rare complication of cystic fibrosis. A case of unexpected life-threatening pulmonary haemorrhage is presented, and the successful management of this problem including immediate prone ventilation. Different anaesthetic techniques, avoiding endotracheal intubation and positive pressure ventilation, which may avoid similar complications, are described.
Cystic fibrosis (CF) is the commonest fatal inherited disease of Caucasians with an incidence of 1:2500 live births 1, 2 . Eighty per cent of sufferers now reach adulthood 3 , in contrast to the 1930s when 80% of infants died in the first year of life 4 . Minor haemoptysis occurs in up to 50% of adults with CF; rarely however, it is severe and results in death 2, 5 .
This report describes the occurrence of lifethreatening pulmonary haemorrhage in a young adult during general anaesthesia, its immediate management and suggests how it might be avoided in future cases.
CASE HISTORY
A 26-year-old male with CF was scheduled for insertion of a venous port to left cephalic vein for antibiotic administration. He had severe fibrocystic lung disease with a four-year history of recurrent Pseudomonas aeruginosa chest infections associated with recurrent low volume haemoptysis.
The patient was stable preoperatively but was undergoing investigation for lung transplantation. His exercise tolerance was two flights of stairs. Clinical examination revealed coarse crepitations at both bases and reduced air entry in the right midzone (this was consistent with previous examinations over the previous four years). His latest spirometry showed FEV1 1.2 litres/minute (30% predicted), FVC 2.15 litres/minute (45% predicted) and immediate preoperative arterial blood gases on air were pH 7.48, PCO 2 37 mmHg, PO 2 64 mmHg, BE 5.4.
A local anaesthetic technique was offered but was refused. No premedication was given. Following preoxygenation, anaesthesia was induced with midazolam, fentanyl, propofol and rocuronium. He was hand-ventilated until the onset of relaxation and was then intubated with a 7.5 mm ID endotracheal tube. Anaesthesia was maintained uneventfully on O 2 , N 2 O and isoflurane for the duration of the procedure, approximately 50 minutes.
On emergence from anaesthesia he began to cough on the endotracheal tube and subsequently suffered a significant pulmonary haemorrhage with resultant rapid deterioration in gas exchange, difficulty with ventilation and rising airway pressures. Anaesthesia was recommenced and further muscle relaxation was given. He received intravenous salbutamol and aminophylline for possible bronchospasm and endotracheal adrenaline in the hope that this would stop further bleeding. His P a O 2 dropped to 61 mmHg on an FiO 2 of 1.0 and his PCO 2 began to rise rapidly peaking at 212 mmHg resulting in a pH of 6.85 100 minutes after the haemorrhage. This was despite peak pressures of 40 cm H 2 O, 12 cm H 2 O PEEP and inverse ratio ventilation of 2:1. Clinically there was reduced air entry throughout the right lung field and dorsally.
Chest X-ray showed alveolar changes consistent with pulmonary haemorrhage but no evidence of pneumothorax. Fibreoptic bronchoscopy, performed by the on-call consultant respiratory physician, showed blood coming from the right main bronchus. A double-lumen endotracheal tube was considered, but it was felt that the patient was too unstable to tolerate changing the endotracheal tube. The decision was then taken to turn the patient prone and head-down in the hope that this would improve ventilation perfusion (VQ) matching and possibly allow postural blood and secretion drainage. The result was remarkable, the improvement in PO 2 was almost instantaneous rising from 61 mmHg to 120 mmHg on 100% O 2 . The changes in PCO 2 were more gradual to improve and within 50 minutes the PCO 2 had dropped to 132 mmHg and by 90 minutes was 90 mmHg.
The patient was transferred to the intensive care ward where he underwent bronchial artery embolization, he was weaned from ventilation and a transplant was urgently sought .Unfortunately no organ became available, his respiratory function continued to deteriorate and he died one week after anaesthesia.
DISCUSSION
Previous articles have suggested that if a technique of local anaesthesia is not possible, then CF patients should be intubated and ventilated for all except the shortest of procedures 6, 7 . However McDougall and Sherrington 5 , in a series of three children with CF, suggest that IPPV may contribute to the likelihood of pulmonary haemorrhage. Their three patients were scheduled for bronchial artery embolization (for previous haemoptysis) but following induction and IPPV, bled before embolization could be performed, resulting in early death. They suggested that the stresses associated with intermittent positive pressure ventilation (IPPV) were most likely to have precipitated the rebleeding, as none of the patients who had a spontaneously breathing technique with a laryngeal mask sustained a pulmonary haemorrhage. Although the patient described here tolerated IPPV without event during the procedure, it is possible that a combination of factors contributed to the onset of haemorrhage. First, the airway distension caused by IPPV; second, the possible high pressures transmitted to the airways during coughing and third, the rise in arterial blood pressure that may occur during emergence from anaesthesia. A spontaneously breathing anaesthetic technique without endotracheal intubation if possible should be considered in the anaesthetic management of patients with CF and a history of significant haemoptysis. This technique would avoid the risks of IPPV, would reduce the chance of coughing and prevent or attenuate the hypertension sometimes observed during emergence from anaesthesia.
Prone positioning to improve oxygenation in acute lung injury was first reported over 20 years ago 8 . It is now widely used as a strategy for improving oxygenation and perhaps limiting lung damage in ARDS. This case report would suggest that prone ventilation may be useful in other forms of lung injury. Following pulmonary haemorrhage the dependent airways become blocked with blood, resulting in a reduction in alveolar ventilation, which leads to a rise in arterial PCO 2 content. Hypoxia results from significant shunting since areas of the lung remain perfused but are not ventilated and also because blood in the airway represents a significant diffusion barrier to gas exchange. The improvement in oxygenation seen on turning this patient prone is likely to have been due to two main factors: first, by increasing perfusion to the better ventilated ventral portions of the lung and second, by the reopening of blocked airways in the dorsal regions due to the postural drainage of blood via the endotracheal tube. The gradual fall in PCO 2 is due to an increase in alveolar ventilation and increasingly compliant lungs as previously blocked regions re-expand.
In conclusion, haemoptysis and pulmonary haemorrhage should be a relative contraindication to intubation and positive pressure ventilation in CF patients. If endotracheal intubation is necessary, then the use of local anaesthetic to the vocal cords prior to intubation, pressure-limiting ventilation and so minimizing the exposure of the small airways to increased pressures, and contrary to previous suggestions 7 , extubating under deep anaesthesia at the end of the procedure, avoiding coughing if possible may reduce the risk of pulmonary bleeding.
Although the ultimate outcome of pulmonary haemorrhage in this patient was death, the prone position resulted in the patient being weaned from ventilation and extubated. Furthermore, had a transplant become available, there may have been a more favourable outcome. The prone position is a useful therapeutic manoeuvre in conditions other than ARDS.
